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Abstract: This patent landscape report encapsulates the state by introducing what has been invented 

concerning hydrogels for seawater desalination processes. As a result, 81 patent documents were 

found, and 62% of all patent documents have been published during the last three years. According 

to the findings, China was ranked as the first jurisdiction, and the most prolific patenting companies 

are from China and the United States, while William Marsh Rice University (United States) and 

Tianjin Polytechnic University (China) are the academic institutions leading the way. The patent 

classifications indicate that most inventions are intended for the treatment of seawater (e.g., desali-

nation), processes specially adapted for manufacturing semi-permeable membranes for separation 

processes, and the treatment of water using ion-exchange sorbent compositions, dialysis, osmosis, 

or reverse osmosis. According to the knowledge clusters and expert driving factors in this patent 

landscape analysis, research and development are centered on methods and apparatus for desali-

nation, which are the focus of the majority of patents, as well as macromolecular gels and synthetic 

macromolecular substances. 
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1. Introduction 

For humans, animals, agriculture, and a lot of different sectors, including agrifood 

and pharmaceutics, pure water is a necessary raw material. Due to climate change and 

the increase in population, the demand for and needs of people are also growing rapidly, 

which has resulted in problems such as water availability. With what the world is cur-

rently experiencing in shortage of such material, other sources or alternatives to improve 

the current resources are needed [1]. 

As an alternative, seawater desalination could help to overcome this issue in water-

stressed countries. The process implies the use of membranes to remove salt compounds 

and obtain fresh water, which is necessary for human health and the better functioning of 

society [2]. In sea basins, for example, the continuous exposure of agriculture to saline 

water causes soil salinity, which directly affects the morphology, physiology, and metab-

olism of plants and/or fruits (i.e., poor or no yields, reduced root growth, reduced nutri-

tional status, etc.) [3]. 

Despite significant advances in desalination technology, seawater desalination con-

tinues to consume more energy than traditional fresh water treatment technologies [2]. A 

novel approach for seawater desalination using hydrogels is currently being explored by 

researchers around the world [4]. The fundamental benefit of the hydrogel-based process 

is that it does not require a membrane because the hydrogel surface itself serves as the 
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interface, as well as the high water uptake that such materials can offer. In practical appli-

cations, a dry hydrogel is swollen in the seawater, and the hydrogel with absorbed sea-

water is squeezed to obtain fresh water [5]. 

Hydrogels are polymer-based materials that can be created from a large number of 

synthetic polymers, polysaccharides, proteins, or hybrid polymers [6]. The three-dimen-

sional structure of these hydrogels remains in equilibrium in an aqueous medium due to 

the balance between the elastic forces of the crosslinked macromolecular network and the 

osmotic forces of the liquid [7]. Furthermore, the chemical composition and the crosslink 

density of such materials determine the swelling and permeability properties of the struc-

ture [8]. 

Through the innovation and improvement of raw materials (such as polymers and 

biopolymers), chemical synthesis, formulation, and chemical engineering related to the 

desalination process, hydrogels for seawater desalination processes are developing 

quickly. This is also supported by the rise in the number of patent applications submitted 

in this field of study and development each year. 

This study presents a patent landscape report on innovative and emerging seawater 

desalination technologies based on hydrogels. It’s a family of techniques for studying the 

information present in and attached to patents in a specific area [9–12]. It is established as 

a tool for research planning in accordance with criteria for patent analysis [13–16]. The 

results are then examined by responding to specific queries, such as who, what, and where 

queries regarding patenting patterns. 

2. Methods 

Patent data for this study was extracted from the Lens online database using different 

keyword searches in patent titles, abstracts, and claims [17]. Title, abstract, and claim key-

word searches are common tools for patent extraction [9–12]. The search was then filtered 

to include only patent documents (i.e., patent applications, granted patents, and three lim-

ited patents) until 2022, and the information was extracted according to patent document 

type, patent family, publication date, patent applicant, patent owner, patent jurisdiction, le-

gal status of patents, and patent classification [13–16]. 

3. Results and Discussion 

3.1. Documents Type and Patent Families 

A total of 81 patent documents were collected between 1985 and 2022 that concern 

the use of hydrogels for seawater desalination processes. The selection includes 66 patent 

applications, 12 granted patents, and three limited patents. With 57 simple families and 

57 extended families, it has been confirmed that 57 patent documents covering the same 

technical subject are published at different times in the same country or in different coun-

tries or regions. 

3.2. Publication Date of Patent Documents 

Based on the earliest priority date, it is possible to precisely assume that 1985 is con-

sidered the starting year of patenting of hydrogels for seawater desalination [18]. 31 patent 

documents have been published between 1985 and 2019; however, 62% of all patent doc-

uments have been published during the last three years. Furthermore, 2022 was the year 

with the maximum recorded number of patent documents and patent applications with 

16 and 15, respectively, while 2011 was the year with the maximum number of granted 

patents at five (Figure 1). 
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Figure 1. Publication dates of patent documents related to the use of hydrogels for seawater desali-

nation processes. 

3.3. Patent Applicants and Owners 

The patent applicant is the person or organization that has filed a patent application. 

On the other hand, the patent owner is the organization with rights to the property of the 

granted patent [15]. 

The top 10 applicants for patent documents related to the use of hydrogels for sea-

water desalination processes until 2022 are displayed in Figure 2. The list includes natural 

persons and organizations (i.e., companies and academic institutions). The companies 

“Kraton Polymers US LLC” (Houston, TX, United States) and “Baoshan Iron & Steel CO 

LTD” (Shanghai, China) are the most prolific patenting companies with nine and four pa-

tent documents, respectively, while William Marsh Rice University (Houston, TX, United 

States) and Tianjin Polytechnic University (Tianjin, China) are the academic institutions 

leading the way with four patent documents each. On the other hand, different natural 

people are the lead applicants with four or three patent documents. 

Table 1 presents the owners of patent documents related to the use of hydrogels for 

seawater desalination processes until 2022. The ownership of the rights to the property of 

the patent concerns eight owners: four companies and four academic institutions. Three 

of them are, at the same time, already applicants according to the top 10 applicants. 

 

Figure 2. Applicants (top 10) of patent documents related to the use of hydrogels for seawater de-

salination processes. 
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Table 1. Owners of patent documents related to the use of hydrogels for seawater desalination pro-

cesses. 

Owners Type (Headsquare) Count 

Baoshan Iron & Steel CO LTD Company (Shanghai, China) 2 

Kraton Polymers US LLC Company (Houston, TX, United States) 2 

City University of Hong Kong 
Academic institution (Kowloon Tong, 

Hong Kong) 
1 

Lockheed Martin Corporation Company (Bethesda, MD, United States) 1 

Saudi Basic Industries Corporation Company (Riyadh, Saudi Arabia) 1 

South China University of Technology Academic institution (Guangzhou, China) 1 

William Marsh Rice University 
Academic institution (Houston, TX, 

United States) 
1 

Zhejiang University Academic institution (Hangzhou, China) 1 

3.5. Jurisdictions and Legal Status of Patents 

Patent jurisdictions correspond to the countries in which the patent is protected 

through the appropriate patent office at which the patent application is filed. When a pa-

tent application is filed, it is examined by the appropriate patent office (e.g., the China 

National Intellectual Property Administration (CNIPA), the Moroccan Office of Industrial 

and Commercial Property (OMPIC), the United States Patent and Trademark Office 

(USPTO), etc.), and a decision is delivered according to the specific patentability criteria 

that an invention must meet. Finally, a claimed invention through a patent application 

becomes a granted patent in one or more designated countries if it is qualified for patent 

protection [13]. 

For patent documents related to the use of hydrogels for seawater desalination pro-

cesses, the jurisdictions of patent documents until 2022 are presented in Figure 3. China, 

through the CNIPA, encompasses 45 patent documents, with a patent contribution per 

document total of 55.56%. The United States, through the USPTO, encompasses 23 patent 

documents, with a patent contribution per document total of 28.4%. On the other hand, 

the global system for filing patent applications, known as the Patent Cooperation Treaty 

(PCT) and administered by the World Intellectual Property Organization (WIPO), encom-

passes seven patent documents with a patent contribution per document total of 8.64%. 

 

Figure 3. Jurisdictions of patent documents related to the use of hydrogels for seawater desalination 

processes. 

Moreover, these jurisdictions of patent documents related to the use of hydrogels for 

seawater desalination processes ensure the following five legal statuses: 
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• 40 patent documents are in force (i.e., active status); 

• 30 pending applications (i.e., pending status); 

• six withdrawn or rejected applications (i.e., discontinued status); 

• Four patents that have reached the term date and are no longer in force (i.e., expired 

status); 

• One PCT application that has been granted in one or more designated countries (i.e., 

patented status). 

3.6. Patent Classifications 

As a technology indicator in a specific area, the patent classifications help inventors 

and researchers to categorize claimed inventions and retrieve different patent documents. 

The International Patent Classification (IPC) is the most widely used hierarchical system 

in the form of codes. It divides all technology areas into a range of sections, classes, sub-

classes, groups, and subgroups [13].  

For patent documents related to the use of hydrogels for seawater desalination pro-

cesses, the top 10 IPC codes until 2022 are presented in Table 2. The patent classifications 

reveal that most IPC code corresponds to C02F103/08, with 29 patent documents. It con-

cerns the treatment of seawater using the desalination process. The IPC codes related to 

hydrogels and presented into these top 10 correspond to B01J13/00 and C08J3/075 which 

are categorized for colloid chemistry and macromolecular gels, respectively. 

Table 2. IPC codes (top 10) of patent documents related to the use of hydrogels for seawater desali-

nation process. 

IPC Description Count 

C02F103/08 Treatment of seawater (e.g., desalination) 29 

C02F1/14 Treatment of water by distillation or evaporation using solar energy  21 

B01D67/00 
Processes specially adapted for manufacturing semi-permeable 

membranes for separation processes or apparatus 
14 

C02F1/44 Treatment of water by dialysis, osmosis, or reverse osmosis 12 

B01J13/00 
Colloid chemistry (e.g., the production of colloidal materials or their 

solutions) 
10 

C08J3/075 
Treatment or compounding of macromolecular substances, such as 

macromolecular gels 
10 

B01J20/26 

Organic material, such as synthetic macromolecular compounds to 

make solid sorbent compositions or filter aid compositions sorbents 

for chromatography processes 

9 

C02F1/04 Treatment of water by distillation or evaporation using solar energy  8 

C02F1/00 Treatment of water, waste water, or sewage 7 

C02F1/28 
Treatment of water by sorption using ion-exchange sorbent compo-

sitions 
6 

4. Conclusions 

The novel approach for seawater desalination using hydrogels was successfully ex-

plored by researchers around the world. Inventors proposed various claimed inventions 

through this innovation. In this study, a patent landscape report has been proposed re-

garding patent document types, patent families, publication dates, patent applicants, pa-

tent owners, patent jurisdictions, the legal status of patents, and patent classifications. 

Therefore, this research reveals that China and the United States are leading the way in 

innovation, and the most prolific patenting organizations correspond to companies and 

universities. On the other hand, most inventions are intended for the treatment of sea-

water using desalination processes specially adapted for manufacturing semi-permeable 
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membranes for separation processes, and the research and development are based on 

macromolecular gels and synthetic macromolecular compounds. 
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